Background-Hospital volume has been widely embraced as a proxy measure for hospital quality; little attention has been focused on an alternative quality measure-hospital specialization. Even though specialization occurs on a continuum, previous studies have only focused on a small number of highly specialized hospitals (single-specialty hospitals). Studies on the broad relationship between hospital specialization and outcomes after coronary artery bypass grafting (CABG) are limited. Methods and Results-We conducted a retrospective cohort study of 705 084 Medicare patients (1130 hospitals) who underwent CABG during 2001 to 2005. We stratified hospitals into quintiles, based on their degree of cardiac specialization (proportion of a hospital's Medicare discharges classified as Major Diagnostic Category 5-cardiovascular diseases). We compared patient and hospital characteristics and outcomes across quintiles of cardiac specialization. Patient characteristics were generally similar across quintiles, but mean annual CABG volume increased progressively from quintile 1 (least specialized) to quintile 5 (most specialized). Unadjusted 30-day mortality was similar at hospitals in quintiles 1 to 4 (4.8%), except quintile 5, where mortality was lower (4.3%). A strong inverse association was seen between hospital cardiac specialization and 30-day mortality after adjustment for patient characteristics (P trend ϭ0.001).
N early 450 000 patients undergo coronary artery bypass graft surgery (CABG) surgery each year in the United States. 1 Innovations in surgical technique, anesthesia, perioperative care, and quality improvement initiatives have led to a significant decline in mortality after CABG. 2 Numerous studies have found a strong association between higher hospital volume and improved patient outcomes after CABG. [3] [4] [5] On the basis of these studies, an array of public and private coalitions including the Leapfrog Group have promoted regionalization whereby patients requiring CABG are directed to higher-volume hospitals (ie, Ͼ450 CABG per year), with the hope of improving patient outcomes. 6, 7 
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However, CABG volume has been shown to be an imperfect measure of hospital quality with the presence of lowquality/high-volume hospitals and high-quality/low-volume hospitals. 8, 9 Also, volume-based referrals could limit patient access and adversely affect those low-volume hospitals that are currently delivering high-quality CABG services. Hospital specialization may be an alternative measure of quality but has received far less attention. Specialization may be conceptualized as the degree to which a given hospital focuses its resources on specific diagnoses (eg, orthopedic diseases) or procedures (eg, CABG) and may be quantified as the proportion of a hospital's total admissions falling within a single disease category or undergoing a specific procedure. 10 -13 Thus, a hospital may be low-volume but highly specialized if it concentrates resources in select areas.
The majority of previous studies on hospital specialization have been in the context of physician-owned specialty hospitals, which represent the most extreme example of specialization. Although these studies have demonstrated 10% to 20% better risk-adjusted outcomes at specialty hospitals compared with competitors, 10, 12, 14 by focusing on a very small number of specialty hospitals (fewer than 50), these studies have overlooked the fact that specialization occurs on a continuum and applies broadly to all hospitals. Recent studies using more general definition of specialization have found hospital specialization to be associated with improved outcomes after primary percutaneous coronary intervention (PCI) 13 and major joint replacement surgery. 11 However, studies investigating the broad relationship of hospital specialization with CABG outcomes remain limited.
This study examines the overall relationship of hospital cardiac specialization with patient mortality and length of stay (LOS) after CABG. We hypothesized that hospitals with greater cardiac specialization would have improved outcomes after adjusting for patient characteristics, hospital characteristics, and procedural volume.
WHAT IS KNOWN
• Although hospital volume is a widely used quality metric for cardiac surgery, it is imperfect in discriminating hospitals based on quality. • Hospital specialization has been proposed as one alternative measure of hospital quality. However, studies examining the relationship between hospital specialization and outcomes have largely been limited to a small number of single-specialty cardiac hospitals. • The general association between hospital cardiac specialization and outcomes after coronary artery bypass graft (CABG) surgery remains largely unstudied.
WHAT THE STUDY ADDS
• Greater hospital specialization in cardiac diseases is only modestly associated with improved outcomes after CABG surgery. Moreover, the effect of specialization is largely attenuated after accounting for hospital volume, suggesting that cardiac specialization adds little to assessing CABG surgery quality above and beyond hospital volume. 
Methods

Data Sources
Cardiac Specialization
We define hospital cardiac specialization as the degree to which a hospital concentrates its resources in treating patients with cardiovascular diseases relative to other diseases. Specifically, we measured cardiac specialization as the proportion of all Medicare discharges during the study period classified as MDC5. This approach has been previously used to not only identify specialty hospitals 10, 17 but also to categorize hospitals as more or less specialized. 11, 18 We used graphical methods to examine the distribution of the cardiac specialization index. We then stratified hospitals into quintiles of specialization for the primary analysis. We also considered an alternative specialization measure defined as the proportion of all Medicare surgical discharges identified using surgical diagnosis-related groups within MDC 5 (ie, all cardiovascular surgery). Our study findings were unchanged and therefore we report findings using only the first measure.
Patient-Level Data
We identified all patients who underwent CABG at the 1130 hospitals described above. The study cohort was restricted to patients ages 66 years or older to ensure at least 1 year of Medicare enrolment before surgery. We excluded patients discharged alive, within 24 hours of admission, and not against medical advice (nϭ3088 patients) as such patients are unlikely to have undergone CABG and may represent coding errors. We also excluded 535 patients who underwent CABG at very low-volume centers (Ͻ10 CABG/y) as described above. Because patients are frequently transferred from one acute care hospital to another expressly for the performance of CABG, transfers were included in our study. Transferred-in patients were identified using methodology that has been previously used for identifying transfers in administrative datasets (see Supplemental Methods). 19 We restricted transfers to those patients who carried a primary discharge diagnosis of "ischemic heart disease" from the transferring facility (ICD-9-CM codes 410.xx-414.xx, nϭ92 289 patients). Comorbid illnesses were identified using algorithms described by Elixhauser 20 and updated by Quan. 21 We also obtained zip code level median household income for all patients from the 2000 US Census data. 16 Additional high-risk conditions specific to CABG (emergent surgery, same-day surgery as PCI, use of intra-aortic balloon pump (IABP)/ventilator on admission) were identified using algorithms used in prior studies using administrative data (see Supplemental Methods). 10, 19 
Outcomes and Statistical Analyses
The primary outcome was death due to any cause within 30 days of CABG. Secondary outcomes were in-hospital mortality, 1-year mortality, and LOS.
We began by comparing trends in patient characteristics (eg, age, race, sex, and presence of specific comorbid conditions) across quintiles of cardiac specialization. For performing test of trend, we ranked quintiles in ascending order (lowestϭ1, highestϭ5) and report the probability value associated with this rank variable in a logistic regression model when comparing categorical variables (for continuous variables, we used linear regression). We also compared the characteristics of less and more specialized hospitals using similar methods. Next, we compared unadjusted risk of primary and secondary outcomes across quintiles. We used multivariable generalized linear mixed models to account for differences in patient characteristics and within hospital clustering of patients. Covariates were entered as fixed effects with a random hospital intercept. Mortality models were estimated using a binary distribution and a logit link function. LOS models were estimated using a ␥ distribution and a log-link function; to reduce the impact of outliers, we truncated LOS at 30 days. Patient who died during the hospital stay were also included in LOS analysis. We report odds ratios with 95% confidence intervals from our models and probability values for trend (as described above). Finally, we tested for interaction between hospital specialization and CABG volume.
Covariates
Candidate variables for inclusion into the models were demographic factors, comorbidities, transfer status, surgical procedure (concurrent valve surgery), variables that reflect clinical severity or urgency of CABG (eg, primary diagnosis of acute myocardial infarction [AMI], CABG on the same day as PCI, use of IABP and ventilator on admission, etc), census region, and Medicare CABG volume. Initial models were unadjusted; models were sequentially adjusted for patient risk and hospital CABG volume. Variables for inclusion into the model were selected using a combination of clinical judgment and statistical criteria. Variables that were deemed important confounders were included regardless of statistical significance.
Stepwise selection was used to identify additional variables for inclusion in the hierarchical models; variables were entered if they satisfied the entry criteria of PϽ0.10 and were retained if they satisfied the stay criteria of PϽ0.05. On the basis of this approach, 31 variables were selected for inclusion in the final model for 30-day mortality (see Supplemental Table 1 for the list of all included variables). We assessed model discrimination using c-statistic and calibration using Hosmer-Lemeshow statistic from the logistic model. For LOS models, we estimated R 2 from the linear model. Finally, using the variance of the hospital intercepts, we estimated the intrahospital correlation, which is the ratio of the between hospital variation to the total variation in outcomes. 22 Because volume is an important covariate in these analyses, we examined the relationship between hospital specialization and CABG volume using Spearman correlation coefficient. We analyzed the effect of volume on the association between specialization and outcomes in several ways (for details see Supplemental Material). Because the results were not markedly different, we only present results from models that included CABG volume as a continuous variable.
Sensitivity Analyses
We performed a series of sensitivity analyses to assess the robustness of our findings. First, we compared patient outcomes at the most specialized hospitals (quintile 5) with patients at all other hospitals (quintiles 1 to 4). Second, we repeated our analyses after stratifying hospital specialization using quartiles and deciles rather than quintiles. Third, we compared outcomes across categories of hospital specialization defined as follows (Ͻ25%, 25% to 30%, 30% to 35%, 35% to 60%, and Ͼ60% specialized). Fourth, to study the impact of specialization outside the realm of single-specialty cardiac hospitals, we repeated our analysis after excluding all physician-owned cardiac specialty hospitals (nϭ21 hospitals, 17 286 patients). Fifth, we repeated our analyses excluding transferred-in patients (nϭ92 289 patients) and excluding patients undergoing valve replacement with CABG (nϭ98 535 patients).
All analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC). The authors had full access to the data and take responsibility for the integrity of the results. All authors have read and agree to the manuscript as written. The study was approved by the Institutional Review Board at University of Iowa.
Results
Our study included 1130 hospitals that performed CABG on 705 084 Medicare beneficiaries during 2001 to 2005. Table 1 shows the patient characteristics across quintiles of cardiac specialization (quintile 1: least specialized, quintile 5: most specialized). Most comparisons of patient demographics and clinical characteristics across quintiles reached statistical significance though few clinically meaningful differences were observed. In general, patients undergoing CABG at more specialized hospitals had slightly higher prevalence of hypertension, diabetes, and admission with index AMI (Table  1) . Likewise, more specialized hospitals performed a greater proportion of CABG with concurrent valve replacement and treated more patients admitted after transfer. In contrast, patients who underwent CABG at less specialized hospitals were more likely to require ventilator support or IABP on admission and to undergo CABG emergently, though the absolute differences were small.
The median cardiac specialization for all hospitals was 29.7% (interquartile range, 26.5% to 34.0%), implying that roughly 30% of all Medicare admissions to study hospitals were for cardiac-related diagnoses (Figure 1 ). Compared with less specialized hospitals, more specialized hospitals were more likely to be for-profit, teaching, and were predominantly located in the Northeastern and Southern regions of the United States (Table 2) . Also, more specialized hospitals had higher CABG volume (Table 2 and Figure 2 ). There was a modest correlation between CABG volume and cardiac specialization index (ϭ0.52, PϽ0.001). Other hospital characteristics (teaching status, for-profit ownership, and urban location) were only weakly correlated with specialization (Ͻ0.10).
Unadjusted 30-day mortality was generally similar for quintile 1 through quintile 4. In contrast, mortality was roughly 12% lower in quintile 5 compared with quintile 1 (4.3% versus 4.9%, Table 3 ). Similar findings were noted for other mortality outcomes and LOS. After adjusting for patient characteristics, odds of 30-day mortality decreased with increasing hospital cardiac specialization (P trend ϭ0.001). However, this difference was no longer significant after further adjustment for CABG volume P trend ϭ0.65). Likewise, differences in in-hospital, 1-year mortality and LOS were not significantly different between quintiles of cardiac specialization in fully adjusted analyses ( Table 4 ). The c-statistic for the fully adjusted mortality models ranged from 0.75 to 0.77 for mortality models. For LOS models, the adjusted R 2 was 0.25. The intrahospital correlation for the mortality models was low (0.02 to 0.03), and that for the LOS model was 0.06.
No significant interaction was noted between cardiac specialization and hospital CABG volume in analyses of 30-day mortality (P for interactionϭ0.89, Supplemental Table 6). Other hospital characteristics (teaching status, forprofit ownership, urban location) were not significantly associated with patient outcomes (results not shown).
Results from sensitivity analyses are included in the Supplemental Material. Specifically, results were unchanged when we used alternative categorization of specialization Supplemental Tables 2A through 2D ). Also, exclusion of physician-owned cardiac specialty hospitals did not change our findings; neither did exclusion of transfer-in patients or exclusion of patients undergoing valve replacement surgery (Supplemental Tables 3 to 5 ). Finally, adjustment of CABG volume as a categorical variable did not materially change our study findings either (Supplemental Table 7 ).
Discussion
In analysis of Ͼ700 000 Medicare patients undergoing CABG at more than 1100 US hospitals, we found little evidence that greater cardiac specialization is associated with reduction in mortality or hospital LOS after adjusting for patient comorbidity and hospital procedural volume.
Hospital specialization is theoretically appealing and has been advocated by champions drawn from industry and corporate strategy. 23 Supporters commonly assert that specialization fosters greater efficiency in care delivery that leads to improvement in quality and reduction in cost by focusing resources on a single disease or procedure. Also, physicians increasingly frustrated with a lack of control over the operational aspects of their hospital have found physician ownership and investment in hospitals as an appealing model for having greater control over their work environment. At the same time, inequities in the DRG-based payment system, which reimburses procedures (eg, PCI, CABG, joint arthroplasty) more generously than nonprocedural services have created strong financial incentives for hospitals to specialize in "profitable" areas (eg, cardiovascular, orthopedics). Although specialty hospitals with physician ownership offer one model, general hospitals have learned that they can develop similar delivery systems through the growth of specialty service lines ("hospitals within hospitals"), suggesting that the phenomenon of specialization is a more pervasive development. 24 Despite its theoretical appeal, empirical data on the relationship of hospital specialization and patient outcomes suggest a more complex picture. 10, 12, 14, 25 Although one study showed lower risk standardized 30-day mortality at cardiac specialty hospitals for AMI (15.0% versus 16.2%, PϽ0.001) and congestive heart failure (10.7% versus 11.3%, PϽ0.001) compared with competitor hospitals, 14 another study found risk and volume-adjusted outcomes after PCI and CABG at specialty cardiac hospitals to be similar. 10 In sharp contrast, studies among orthopedic surgery patients have consistently shown improved patient outcomes at orthopedic specialty hospitals compared with their competitor hospitals. 12, 26 Thus, these studies might suggest that the benefit of specialization depends on the disease under study. However, one needs to exercise caution before drawing firm conclusions because these studies did not so much examine specialization but rather physician-owned specialty hospitals. Although physician-owned specialty hospitals have been a focus of intense scrutiny by regulatory agencies and policymakers, 23, 27 the fact remains that these hospitals are small in number and only represent the most extreme example of hospital specialization. 
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Far fewer studies have examined specialization in the broader context of all acute-care hospitals. Nallamothu et al 13 showed that greater hospital specialization with primary PCI was associated with shorter door-to-balloon times and lower mortality among patients with ST-elevation-myocardial infarction; the effect was seen equally among low-volume and high-volume hospitals. Likewise, Hagen et al 11 found a very strong inverse relationship between increasing hospital orthopedic specialization and reduced risk of adverse outcomes among Medicare patients undergoing major joint replacement surgery even after adjusting for patient comorbidity and hospital surgical volume. 11 On the other hand, using the 5% inpatient Medicare sample 2001 to 2003, Hwang et al 18 classified all CABG-performing hospitals into least specialized (Ͻ40%), moderately specialized (40% to 60%), and cardiac specialty hospitals (Ͼ60%) and found no difference in outcomes after CABG surgery across the groups. However, this study used a relatively coarse gradation with over 80% of the hospitals categorized as having low specialization. Our study, using a different approach and a much larger sample, showed a very modest association between increased specialization and improved CABG outcomes after adjusting for patient comorbidity that was largely limited to the highest quintile of specialization; this effect was eliminated after accounting for hospital volume. Our findings did not change after using an alternative definition of specialization, excluding physician-owned specialty hospitals or using alternative study outcomes.
Thus, although some studies suggest that hospital specialization may be associated with improved patient outcomes, there are others, including ours, that have found little or no association. What constitutes this heterogeneity is harder to discern and remains unclear. It is possible that the strong association between hospital specialization and patient outcomes noted in some studies is partly explained by reverse causation. Hospitals that achieve improved patient outcomes in a given disease area due to better quality care may become progressively more specialized as patients select that hospital for treatment of that specific condition. 28 Future studies examining the underlying mechanism of the association between specialization and outcomes might help clarify this issue.
Last, our negative findings should be interpreted in the light of the potential negative consequences of hospital specialization. Hospital specialization may lead to increasing health care costs by driving use of costly but discretionary procedures. 29 -31 Also, by cherry-picking low-risk wealthy patients, highly specialized hospitals may adversely impact the financial health of the competitor general hospitals and prevent them from cross-subsidizing necessary but unprofitable care (eg, emergency care). 32 Finally, there are reports that highly specialized hospitals may be ill-equipped to handle emergencies arising out of the narrow domain of their expertise. 33 
Limitations
In interpreting our findings, it is important to consider the following limitations. First, our risk-adjustment model was based on administrative claims data. All the patient level information that may contribute to CABG mortality may not be coded in the data and therefore potential for residual confounding remains. Second, important measures such as patient satisfaction, quality of life, or functional outcome are not recorded limiting our ability to examine the influence of specialization on these important outcomes. Likewise, our inability to differentiate in-hospital events/complications from preexisting conditions prevented us from examining the effect of specialization on the risk of nonfatal complications. Third, our study included Medicare patients ages 66 or older and therefore our findings may not be generalizable to other age groups. Unfortunately, there is lack of national data on CABG on younger patients that includes postdischarge follow-up, and Medicare patients account for the vast majority of patients who undergo CABG. Fourth, because volume is endogenous to specialization to some extent, we were unable to fully disentangle its effect from the relationship between specialization and outcomes. Fifth, one might argue that inclusion of physician-owned specialty hospitals in our study might have influenced our results. However, our sensitivity analyses excluding these hospitals do not support that conclusion. Last, only 2% to 3% of the variation in total mortality was explained by between hospital differences as evidenced by low values of intrahospital correlation. Overall, significant variability in mortality and LOS remains unexplained, and that is indicative of the limitation of riskadjustment models in general.
Conclusion
Among Medicare patients undergoing CABG, higher hospital specialization was not associated with clinically significant reduction in patient mortality or LOS after accounting for CABG volume. This study calls into question the importance of cardiac specialization for the vast majority of US hospitals performing CABG.
